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(67)  The invention relates to a steel sheet for tool,
and method for manufacturing thereof.

An embodiment of the present invention is a steel
sheet for a tool comprising 0.4 to 0.6 wt% of C, 0.05 to
0.5 wt% of Si, 0.1 to 1.5 wt% of Mn, 0.05 to 0.5 wt% of
V, 0.1 to 2.0 wt% of at least of one or two components
selected from the group comprising Ni, Cr, Mo, and com-
binations thereof, and the balance of Fe and inevitable
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Description
[Technical Field]
[0001] Anembodiment of the presentinvention relates to a steel sheet for a tool, and method for manufacturing thereof.
[Background Art]

[0002] In order to achieve excellent strength and toughness after the final heat treatment, the following conventional
technology are used for the high-carbon steel sheet for a tool.

[0003] As a representative example, in the patent documents 1 to 3, there are technologies of securing the strength
and toughness of the final product after the final heat treatment by adjusting the content of Mn, Cr, Mo, W and V.
[0004] However, these hot-rolled products of high alloy are produced in electric furnaces until the present day, and
most of them are products which have thick thickness, narrow width and small unit weight. This is because, when the
thickness is thin and the width is wide, itis impossible to work in the subsequent cold rolling process due to heterogeneous
shape. This is because, in the case of high alloy steel, the structure of the hot-rolled products generated according to
the difference of the cooling rate by position greatly changes since the phase transformation speed is slow. Because of
this, it has to be produced in small unit weight of which thickness is thick and width is narrow.

[0005] Accordingly, there is a growing need for the development of a hot-rolled coil which is thin and has wide width
for the productivity improvement and the efficiency of cold rolling.

PRIOR ART DOCUMENT
PATENT DOCUMNET
[0006]

(Patent document 1) Japanese Patent Publication No. 5744300.
(Patent document 2) Japanese Patent Publication No. 5680461.
(Patent document3) Korean Patent Registration No. 0497446.

[DISCLOSURE]

[Technical Problem]

[0007] An embodiment of the present invention is to provide a method of manufacturing steel sheet for a tool.
[Technical Solution]

[0008] A steel sheet for a tool according to an embodiment of the present invention comprising 0.4 to 0.6 wt% of C,
0.05 to 0.5 wt% of Si, 0.1 to 1.5 wt% of Mn, 0.05 to 0.5 wt% of V, 0.1 to 2.0 wt% of at least of one or two components
selected from the group comprising Ni, Cr, Mo, and combinations thereof, and the balance of Fe and inevitable impurities,
with respect to 100 wt% of the total steel sheet, the deviation of Rockwell hardness by the position in the width direction
of the steel sheet for a tool is within 5 HRC, a steel sheet having the ratio of those having a wave height in the longitudinal
direction within 20 cm is 90 % or more may be provided with respect to the wave height per 1 m of the steel plate
comprising the central portion in the longitudinal direction of the steel sheet for a tool.

[0009] More specifically, the ratio of those having a wave height in the longitudinal direction within 10 cm may be 90
% or more with respect to the wave height per 1 m of the steel sheet comprising the central portion in longitudinal direction
of the steel sheet for a tool.

the ratio of those having a wave height in the longitudinal direction within 20 cm may be 90 % or more with respect to
the total wave height located the central portion in the longitudinal direction of the steel sheet for a tool.

[0010] The wave height in the longitudinal direction of the steel sheet for a tool may be within 20 cm.

the wave height in the longitudinal direction of the steel sheet for a tool may be within 10 cm.

[0011] More specifically, it may be 0.1 to 1.0 wt% of Mn and 0.05 to 0.3 wt% of V. Even more specifically, at least of
one or two components selected from the group consisting of Ni, Cr, Mo, and combinations thereof may be 0.5 to 2.0 wt%.
[0012] It may consist of 70% or more of bainite structure, and the balance of ferrite and pearlite mixed structure with
respect to 100 % of a total microstructure of the steel sheet for a tool.

[0013] More specifically, it may consist of 90% or more of bainite structure, and the balance of ferrite and pearlite
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mixed structure with respect to 100 % of a total microstructure of the steel sheet for a tool. More specifically, the deviation
of Rockwell hardness by the position in the width direction of the steel sheet for a tool may be within 3 HRC.

[0014] The Rockwell hardness of the steel sheet for a tool may be 36 to 41 HRC.

[0015] A value of the combination of the thickness and the wave height of the steel sheet for a tool (wave height X
thickness 2) may be 2 cm3 or less. The thickness of the steel sheet for a tool may be 5 mm or less.

[0016] A method for manufacturing a steel sheet for a tool according to other embodiment of the present invention,
may comprise the steps of preparing a slab comprising 0.4 to 0.6 wt% of C, 0.05 to 0.5 wt% of Si, 0.1 to 1.5 wt% of Mn,
0.05 to 0.5 wt% of V, 0.1 to 2.0 wt% of at least of one or two selected from the group consisting of Ni, Cr, Mo, and
combinations thereof, and the balance of Fe and inevitable impurities with respect to a total of a slab of 100 wt%; heating
the slab again; performing the hot rolling the slab heated again to obtain hot-rolled steel sheet; cooling the hot-rolled
steel sheet obtained; winding the cooled steel sheet to obtain a coil; and cooling the wound coil.

[0017] More specifically, the step of cooling the obtained hot-rolled steel sheet may comprise a primary cooling step
of cooling the obtained hot-rolled steel sheet at a rate of 20 to 40 (/sec within 15 seconds after completion of hot rolling;
and a secondary cooling step of cooling the primary cooled steel sheet at a rate of 5 to 10 °C/sec within 30 seconds
after the primary cooling.

[0018] The step of winding the cooled steel sheet to obtain a coil; may be carried out in a temperature range by the
following formula 1 of T(°C) or more.

[Formula 1]

Tc(C) = 880-300*C-80*Mn-15*Si-45*Ni-65*Cr-85*Mo

[0019] Mn, Ni, Cr, and Mo mean, however, weight percent of each component with respect to 100 wt% of the total slab
[0020] The step of winding the cooled steel sheet to obtain a coil; may be carried out in a temperature range by the
formula 1 of T (°C) to 650 °C or less.

[0021] The step of cooling the wound coil; may be cooled at a rate of 0.005 to 0.05 °C/sec.

[0022] By the step of cooling the wound coil; the austenite structure may be transformed into a bainite structure, and
the coil may be a bainite uniform structure in both the inner winding and outer winding.

[0023] By the step of cooling the wound coil; steel sheet for a tool consisting of 70% or more of bainite structure, and
the balance of ferrite and pearlite mixed structure with respect to 100 % of a total microstructure may be provided.
[0024] In the step of preparing a slab; it may be 0.1 to 1.0 wt% of Mn, 0.05 to 0.3 wt% of V, and at least of one or two
components selected from the group consisting of Ni, Cr, Mo, and combinations thereof may be 0.5 to 2.0 wt%.
[0025] By the step of performing the hot rolling the slab heated again to obtain hot-rolled steel sheet; a thickness of
the hot-rolled steel sheet obtained may be 5 mm or less.

[0026] The Rockwell hardness of the steel sheet for a tool may be 36 to 41 HRC.

[0027] The deviation of Rockwell hardness by the position in the width direction of the steel sheet for a tool may be
within 5 HRC. More specifically, it may be within 3 HRC.

[0028] The ratio of those having a wave height in the longitudinal direction within 20 cm may be 90 % or more with
respect to the total wave height located the central portion in the longitudinal direction of the steel sheet for a tool.
[0029] A value of the combination of the thickness and the wave height of the steel sheet for a tool (wave height X
thickness 2) may be 2 cm3 or less.

[Advantageous Effects]

[0030] An embodiment according to the present invention is intended to provide a method for manufacturing a high-
carbon steel sheet for a tool having a small deviation of the structure by position and of the properties and excellent in
shape to develop hot-rolled coil which is thin and has wide width.

[Description of the Drawings]
[0031]

FIG. 1 is a depiction of the height of the wave height according to an embodiment of the present invention.

FIG. 2 is a graph showing the temperature history of steel sheet according to other embodiment of the present
invention.

FIG. 3 shows a comparison of the shapes manufactured by the example of the presentinvention and the comparative
example.
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[Mode for Invention]

[0032] The advantages and features of the present invention, and the manner of achieving them will become apparent
with embodiments described in detail with accompanying drawings. However, the present invention is not limited to the
examples disclosed below, but may be embodied in various forms, and the examples are only provided to let the disclosure
of the present invention be perfect and to be fully understood about the scope of the invention by those who are having
ordinary knowledge of the technical field to which the present invention belongs, and it is defined only by the scope of
the claims. Throughout the specification, the same reference mark refers to the same element.

[0033] Therefore, in some examples, well-known technology is not specifically described to avoid that the present
invention is ambiguously interpreted. Unless defined otherwise, all of terms (comprising technical and scientific terms)
used herein may be used in the same meaning as commonly understood by those who are having ordinary knowledge
of the technical field to which the present invention belongs. When a certain part "comprises" a certain element throughout
the specification, it means that the element may comprise other elements as well, not exclude the other elements, unless
specifically stated otherwise. The singular forms comprise plural forms as well unless specifically mentioned otherwise.
[0034] The steel sheet foratool according to an embodiment of the present invention may be the steel sheet comprising
0.4 to 0.6 wt% of C, 0.05 to 0.5 wt% of Si, 0.1 to 1.5 wt% of Mn, 0.05 to 0.5 wt% of V, 0.1 to 2.0 wt% of at least of one
or two components selected from the group comprising Ni, Cr, Mo, and combinations thereof, and the balance of Fe
and inevitable impurities.

[0035] Hereinafter, reasons for limiting the component and the composition range of the steel sheet for a tool, which
is an embodiment of the present invention, will be described.

[0036] First, the carbon (C) may be 0.4 to 0.6 wt%.

[0037] Carbonis an indispensable element for improving the strength of the steel sheet, and it is necessary to appro-
priately add carbon to secure the strength of the high-carbon steel sheet for a tool to be embodied in the present invention.
More specifically, when the content of carbon (C) is less than 0.4 wt%, the high-carbon steel sheet for a tool may not
be obtained the desired strength. On the other hand, when the content of carbon (C) is greater than 0.6 wt%, the
toughness of the steel sheet may be deteriorated.

[0038] The silicon (Si) may be 0.05 to 0.5 wt%.

[0039] Silicon helps to improve the strength of the steel by solid solution strengthening and deoxidate of molten steel,
however, if it is added excessively, it may deteriorate the surface quality of the steel sheet by forming a scale on the
surface of the steel sheet when performing hot rolling. Therefore, an embodiment of the present invention may comprise
0.05 to 0.5 wt% of silicon.

[0040] Manganese (Mn) may be comprised 0.1 to 1.5 wt%. More specifically, manganese (Mn) may be comprised 0.1
to 1.0 wt%.

[0041] Manganese (Mn) may improve the strength and hardenability of steel, and acts a role in suppressing cracks
caused by sulfur (S) by combining with sulfur (S) contained inevitably during the manufacturing process of steel to form
MnS. Therefore, in an embodiment of the present invention, it may be added 0.1 wt% or more to achieve the effect as
above. However, if it is added excessively, the toughness of the steel may be lowered.

[0042] Vanadium (V) may be comprised 0.05 to 0.5 wt%. More specifically, it may be comprised 0.05 to 0.3 wt%.
[0043] Vanadium forms a carbide such that plays effective role in preventing coarsening of crystal grains and improving
wear resistant during heat treatment. However, if it is added excessively, not only carbides are formed more than
necessary to lower the toughness of the steel, but also the manufacturing cost may be increased because it is an
expensive element.

[0044] In addition, at least of one or two components selected from the group comprising Ni, Cr, Mo, and combinations
thereof may be comprised 0.1 to 2.0 wt%. More specifically, at least of one or two components selected from the group
consisting of Ni, Cr, Mo, and combinations thereof may be 0.5 to 2.0 wt%.

[0045] Nickel (Ni), chromium (Cr) and molybdenum (Mo) act a role in improving the strength, suppressing decarburi-
zation and improving the hardenability. In addition, corrosion resistance may be improved by forming a compound on
the surface. However, if it is added excessively, not only the hardenability is improved more than necessary, but also
the manufacturing cost can be increased because it is an expensive element.

[0046] The balance Fe and inevitable impurities may be comprised, however, addition of an effective component other
than above composition is not excluded.

[0047] Furthermore, the steel sheet for a tool according to an embodiment of the present invention that satisfies the
component and the composition range may consist of 70% or more of bainite structure, and the balance of ferrite and
pearlite mixed structure with respect to 100 % of a total microstructure of the steel sheet.

[0048] More specifically, ferrite not comprising carbide, pearlite of alamellar structure and a bainite structure comprising
carbide are disclosed in different forms on a tissue image. Therefore, the method for measuring the fraction of micro-
structure, the volume fraction may be measured based on the morphology of the microstructure on the flat tissue image.
[0049] More specifically, when the bainite structure is less than 70 %, with respect to 100 % of a total microstructure
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as described above, the fraction of residual ferrite and pearlite structure become high, so that heterogeneousness of
structure may be increased. Therefore, the residual stress due to the heterogeneousness of the structure, which may
cause heterogeneousness in the shape of the steel sheet.

[0050] More specifically, the bainite structure may be 90 % or more with respect to 100% of a total microstructure of
the steel sheet for a tool as described above.

[0051] In addition, due to the bainite structure, the Rockwell hardness of the steel sheet for a tool may be 36 to 41
HRC, and the deviation of the Rockwell hardness by the position of the steel sheet for a tool may be within 5 HRC. More
specifically, the deviation of the Rockwell hardness by the position of the steel sheet for a tool may be within 3 HRC.
The Rockwell hardness is measured automatically by a conventional hardness tester.

[0052] More specifically, when the deviation of the Rockwell hardness by the position of the steel sheet for a tool
exceeds the above range, the difference of hardness according to the position may be increased. Because of this, the
residual stress may be generated, which may cause defects in the shape of the steel sheet.

[0053] Furthermore, a wave height in the longitudinal direction of the steel sheet for a tool may be within 20 cm, and
more specifically, a wave height in the longitudinal direction of the steel sheet for a tool may be within 10 cm.

[0054] More specifically, the ratio of those having a wave height in the longitudinal direction within 20 cm may be 90
% or more with respect to the total wave height located the central portion in the longitudinal direction of the steel sheet
for a tool.

[0055] More specifically, the ratio of those having a wave height in the longitudinal direction within 20 cm may be 90
% or more with respect to the wave height per 1 m of the steel sheet comprising the central portion in longitudinal direction
of the steel sheet for a tool. More specifically, the ratio of those having a wave height in the longitudinal direction within
10 cm may be 90 % or more with respect to the wave height per 1 m of the steel sheet comprising the central portion
in longitudinal direction of the steel sheet for a tool.

[0056] More specifically, the final version of manufactured steel sheet for a tool may be wave shape at the side of the
steel sheet due to a variation in hardness by position. However, the wave height in the longitudinal direction of the steel
sheet for a tool according to an embodiment of the present invention may be within 20 cm. The wave height may be
located in central portion in longitudinal direction of the steel sheet for a tool, more specifically, it may be a wave height
per 1 m of the steel sheet comprising the central portion in longitudinal direction of the steel sheet for a tool.

[0057] In this case, the wave height means the height difference between the highest point and the lowest point in the
wave position.

[0058] In addition, the central portion in longitudinal direction of the steel sheet for a tool means a portion comprising
+ 25 % of a total length of the steel sheet on the basis of the center point.

[0059] In addition, the ratio within 20 cm of the wave height means the sum of length of the wavelengths within 20 cm
with respect to the total sum of length of the total wavelength. This is also true for the ratio within 10 cm of the wave height.
[0060] The wave height, the central portion in longitudinal direction of the steel sheet for a tool and the ratio within 20
cm of the wave height are disclosed in detail in FIG. 1.

[0061] FIG. 1 is a depiction of the height of the wave height according to an embodiment of the present invention.
[0062] In addition, when the ratio of those having a wave height in the longitudinal direction within 20 cm is 90 % or
more, the deviation of hardness of steel sheet by the position is not large, so that the productivity may be improved in
the step of subsequent process of processing the steel sheet. In particular, it may prevent the occurrence of cracks
during cold rolling.

[0063] When the wave height in the longitudinal direction of the steel sheet is greater than 20 cm or is less than 90
%, and when itis subsequently wound in the form of a coil, the winding shape may be defective. This may lead to defects
in material during transportation and unwrapping operation.

[0064] In addition, a value of the combination of the thickness and the wave height of the steel sheet for a tool (wave
height X thickness 2) may be 2 cm3 or less. More specifically, the combined value of thickness and wave height may be
2 cm3 or less since the wave height may vary depending on the thickness of the steel sheet.

[0065] More specifically, when the value of (wave height X thickness 2) is 2 cm3 or less, it is possible to improve the
defective shape due to the wave height during the subsequent process, and through this, a flat and product which has
a constant size may be manufactured.

[0066] In addition, the thickness of the steel sheet for a tool according to an embodiment of the present invention
satisfying the above characteristics may be 5 mm or less. At this time, the steel sheet for a tool may be hot-rolled steel
sheet performed and completed hot rolling, and the thickness of the steel sheet may be the thickness of the hot-rolled
steel sheet.

[0067] More specifically, when the thickness of the steel sheet for a tool exceeds 5 mm, and the reduction ratio for
cold rolling is increased, so that the yield may be improved or the workability may be inferior.

[0068] On the other hand, the steel sheet for a tool according to an embodiment of the present invention has a relatively
small deviation of hardness by the position, steel sheet with the thickness less than 5 mm may be provided since the
shape of the steel sheet is comparatively smooth.
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[0069] A method for manufacturing a steel sheet for a tool according to other embodiment of the present invention,
may comprise the steps of preparing a slab comprising 0.4 to 0.6 wt% of C, 0.05 to 0.5 wt% of Si, 0.1 to 1.5 wt% of Mn,
0.05 to 0.5 wt% of V, 0.1 to 2.0 wt% of at least of one or two selected from the group consisting of Ni, Cr, Mo, and
combinations thereof, and the balance of Fe and inevitable impurities with respect to a total of a slab of 100 wt%; heating
the slab again; performing the hot rolling the slab heated again to obtain hot-rolled steel sheet; cooling the hot-rolled
steel sheet obtained; winding the cooled steel sheet to obtain a coil; and cooling the wound coil.

[0070] First, the steps of preparing a slab comprising 0.4 to 0.6 wt% of C, 0.05 to 0.5 wt% of Si, 0.1 to 1.5 wt% of Mn,
0.05to0 1.0 wt% of Ni, 0.5 to 2.0 wt% of Cr, 0.5 to 2.0 wt% of Mo, 0.05 to 0.3 wt% of V and the balance of Fe and inevitable
impurities with respect to a total of a slab of 100 wt%; may be carried out.

[0071] At this time, the Mn may be 0.1 to 1.0 wt%, the Ni may be 0.5 to 1.0 wt%, and the Cr may be 0.7 to 2.0 wt%.
In addition, the Mo may be 0.5 to 1.5 wt% and the V may be 0.05 to 0.2 wt%.

[0072] The reason for limiting the composition range and the component of the slab is the same as that for limiting
the component and the composition range of the steel sheet for a tool according to an embodiment of the present
invention as mentioned above.

[0073] Then the step of heating the slab again; may be carried out.

[0074] More specifically, the slab may be reheated up to a temperature in the range of 1200 to 1300 °C, by reheating
at the temperature range above, not only it may make the heterogeneous cast structure to homogeneous structure, but
also it may expect a sufficiently high temperature for hot rolling.

[0075] Thereafter, the performing the hot rolling the slab heated again to obtain hot-rolled steel sheet; may be carried
out. At this time, the slab may be rolled at a temperature in the range of 900 to 1200 °C.

[0076] The thickness of the hot-rolled steel sheet obtained by the above step may be 5 mm or less.

[0077] More specifically, the steel sheet for a tool according to an embodiment of the present invention does not have
a large deviation of hardness by the position, therefore, hot-rolled steel sheet having a thickness of 5 mm or less may
be obtained without occurring cracks. When the hot-rolled steel sheet having the thickness is obtained, the workability
may be improved by reducing the yield during a subsequent process such as cold rolling.

[0078] Then the step of cooling the hot-rolled steel sheet obtained; may be carried out.

[0079] More specifically, it may comprise a primary cooling step of cooling the obtained hot-rolled steel sheet at a rate
of 20 to 40 O/sec within 15 seconds after completion of hot rolling; and a secondary step of cooling the previously cooled
hot-rolled steel sheet at a rate of 5 to 10 °C/sec within 30 seconds after the previous cooling.

[0080] Even more specifically, by dividing the cooling steps into primary and secondary, and cooling hot-rolled steel
sheet obtained from the above at different rate, the scale, which is and it may be cooled to a desired temperature.
[0081] Next, the step of winding the cooled steel sheet to obtain a coil; may be carried out. The above step may be
performed in a temperature range of T,(CJ) or more according to the following formula 1.

[Formula 1]

Tc(C) = 880-300*C-80*Mn-15*Si-45*Ni-65*Cr-85*Mo

[0082] Whereinthe C,Mn, Si, Ni, Crand Mo mean the wt% of each component with respect to a total of a slab of 100 wt%.
[0083] More specifically, the step of winding the cooled steel sheet to obtain a coil; may be performed at a temperature
range from T() to 650 °C by the formula 1. The reason for controlling the winding temperature as the Formula 1 is to
suppress bainite transformation before winding. By controlling as described above, a homogeneous microstructure may
be achieved with sufficient time after winding, resulting in manufacturing a steel sheet with satisfactory shape.

[0084] Next, the step of cooling the wound coil; may be carried out.

[0085] More specifically, the coil may be cooled at a rate of 0.005 to 0.05 O/sec. At this time, the microstructure of the
coil may be transformed from the austenite structure to the bainite structure, as a result, both of the inner portion and
outer portion may be a bainite homogeneous structure.

[0086] More specifically, it may consist of 70 % or more of bainite structure, and the balance of ferrite and pearlite
mixed structure with respect to 100 % of a fraction of total microstructures of the coil. More specifically, it may consist
of 90 % or more of bainite structure, and the balance of ferrite and pearlite mixed structure with respect to 100 % of a
fraction of total microstructures of the coil.

[0087] In addition, by cooling the wound coil at the rate mentioned above, a homogeneous microstructure may be
achieved.

[0088] The Rockwell hardness of the steel sheet for a tool manufactured by the method above may be 36 to 41 HRC,
and the deviation of Rockwell hardness by the position of the steel sheet for a tool may be within 5 HRC. More specifically,
the deviation of the Rockwell hardness by the position of the steel sheet for a tool may be within 3 HRC.

[0089] In addition, the wave height in the longitudinal direction of the steel sheet for a tool may be within 20 cm, and
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a value of the combination of the thickness and the wave height of the steel sheet for a tool (wave height X thickness
2y may be 2 cm3 or less.

[0090] Hereinafter, it will be described in detail through examples. The following examples are only to illustrate the
present invention and the contents of the present invention are not limited thereto.

Examples

[0091] A slab having the composition shown in Table 1 was prepared, and then the slab was reheated at 1250 °C.
After performing the hot rolling the slab reheated to a thickness of 3.5 mm, the hot-rolled steel sheet was cooled under
the conditions shown in Table 2 below.

[0092] At this time, the primary cooling and secondary cooling are the step of cooling the hot-rolled steel sheet by
water cooling or air cooling. Thereafter, the primary and secondary cooled steel sheets were wound up according to the
conditions shown in Table 2 below to obtain a coil. Finally, the entire wound coil was air cooed.

[0093] More specifically, the hot-rolled steel sheet was primary cooled by water cooling within 15 seconds after the
end of hot rolling. After the primary cooling, the steel sheet was secondary cooled by air cooling within 30 seconds. At
this time, the cooling rate is as shown in Table 2 below.

[0094] In addition, after cooling the hot-rolled steel sheet, it was wound to obtain the coil at a temperature range of
Formula 1 or more, and then wound coil was cooled at the rate disclosed in Table 2 below.

[0095] More specifically, FIG. 2 is a graph showing the temperature history of a steel sheet according to other em-
bodiment of the presentinvention. Therefore, the rate of temperature change of the steps of reheating-hot rolling- primary
cooling- secondary cooling- winding the coil may be known.

[Table 1]
Steel specification Thickness | C Mn Si Ni Cr Mo | V Formula 1
Comparative steel 1 | 3.5 0.31 0.81 023 (06 |09 |04 |0.09 |59
Invented steel 1 3.5 047 | 073 | 019 |07 |08 | 1.1 | 0.07 | 501
Invented steel 2 3.5 052 | 079 | 020 |06 |06 |07 |0.06 |53
Comparative steel 2 | 3.5 0.2 065 | 016 |07 |04 |03 | 0.11 683
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[Table 3]

Classification Transformation Bainite Hardness | Deviation of Ratio of those (wave height X
fraction before fraction | (HRC) hardness having a wave | thickness 2)
winding (%) (%) (HRC) heightwithin20 | (cm3)

cm(% )

Comparative 1 | 0 74 34 5 84 2.64

Comparative 2 | 0 83 36 4 88 2.3

Example 1 0 91 38 2 97 0.7

Example 2 0 93 40 3 94 1.0

Example 3 0 95 41 3 95 1.1

Comparative 3 | 0 77 34 7 81 2.8

Comparative 4 | 0 81 43 6 88 2.5

Comparative 5 | 9 71 46 6 84 2.7

Example 4 0 92 38 3 94 1.2

Example 5 0 93 39 2 98 0.6

Comparative 6 | 0 68 36 5 89 2.3

Comparative7 | 7 83 44 6 79 2.7

Comparative 8 | 13 88 32 9 71 3.2

[0096] In case of Example 1 to 5, which satisfied both the component and composition of the steel sheet for a tool
according to an embodiment of the present invention and composition of the steel sheet for a tool and the manufacturing
method conditions of the steel sheet for a tool according to other embodiment of the present invention, it may be known
that the deviation of the structure by position and of the properties is small since the ratio of those having a wave height
within 20 cm and the deviation of the hardness within 3 HRC may be 90 % or more. Because of this, it may be known
that, in the case of the example according to the present invention, the steel sheet with excellent in shape was manu-
factured.

[0097] On the other hand, in comparative example 1 and 2, it may be known that the carbon content of steel is low
and the bainite formation temperature according to Formula 1 is high. Therefore, it may be known that comparative
example 1 and 2 were partially transformed into bainite prior to winding, further transformed into bainite during cooling
after winding, and a steel sheet having a large hardness deviation by position and the shape with large wave height was
manufactured.

[0098] In addition, in comparative example 3, it shows that the wave height is large since the deviation is large, and
the hardness is low since the rate of a primary cooling is low and the winding temperature is high. In addition, in
Comparative example 4, it shows that the wave height is large since the cooling rate of coil is high, and the wave height
is large since the deviation is large

[0099] In addition, it may be known that comparative example 5 and 7 were partially transformed into bainite prior to
winding since a low winding temperature, further transformed into bainite during cooling after winding, and the hardness
deviation by position is large and the wave height is large.

[0100] In addition, in Comparative example 6, it shows that the hardness is low since the cooling rate of coil after
winding is low, and the wave height is large since the deviation of hardness by position is large.

[0101] In addition, in Comparative example 8, it shows that the transformation started before the winding since the
carbon content is low and the transformation temperature is high and rapidly proceeds. Because of this, it shows that
the hardness is low and the wave height is large.

[0102] It may be confirmed by what has been disclosed in FIG.3.

[0103] Fig. 3 shows a comparison of the shapes manufactured by the examples of the present invention and the
comparative example.

[0104] More specifically, in the case of the example manufactured by an embodiment of the present invention, it may
be clearly confirmed that the wave height is not larger than the wave height shown in the Comparative example.
[0105] Although the example of the present invention is described with the accompanying drawings, those who have
ordinary knowledge of the technical field to which the present invention belongs may understand that it may be carried
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out in different and concrete forms without changing the technical idea or fundamental feature of the present invention
[0106] Therefore, the examples described above are illustrative in all aspects and not limitative. The scope of the
present invention is shown in claims rather than the detailed description, every modification and modified aspect derived
from the meaning and the scope of the claims and equivalent concepts should be interpreted as being comprised in the
scope of the present invention.

Claims

10.

1.

12.

13.

14.

15.

A steel sheet for a tool comprising 0.4 to 0.6 wt% of C, 0.05 to 0.5 wt% of Si, 0.1 to 1.5 wt% of Mn, 0.05 to 0.5 wt%
of V, 0.1 to 2.0 wt% of at least of one or two components selected from the group comprising Ni, Cr, Mo, and
combinations thereof, and the balance of Fe and inevitable impurities, with respect to 100 wt% of the total steel sheet,
wherein the deviation of Rockwell hardness by the position in the width direction of the steel sheet for a tool is within
5 HRC,

wherein the ratio of those having a wave height in the longitudinal direction within 20 cm is 90 % or more with respect
to the wave height per 1 m of the steel sheet comprising the central portion in the longitudinal direction of the steel
sheet for a tool.

The steel sheet for a tool of claim 1, wherein the ratio of those having a wave height in the longitudinal direction
within 10 cm is 90 % or more with respect to the wave height per 1 m of the steel plate comprising the central portion
in the longitudinal direction of the steel sheet for a tool.

The steel sheet for a tool of claim 2, wherein the ratio of those having a wave height in the longitudinal direction
within 20 cm is 90 % or more with respect to the total wave height located the central portion in the longitudinal

direction of the steel sheet for a tool.

The steel sheet for a tool of claim 3, wherein the wave height in the longitudinal direction of the steel sheet for a tool
is within 20 cm.

The steel sheet for a tool of claim 4, wherein the wave height in the longitudinal direction of the steel sheet for a tool
is within 10 cm.

The steel sheet for a tool of claim 1, wherein Mn: 0.1 to 1.0 wt%.
The steel sheet for a tool of claim 1, wherein V: 0.05 to 0.3 wt%.

The steel sheet for a tool of claim 1, wherein at least of one or two components selected from the group consisting
of Ni, Cr, Mo, and combinations thereof are 0.5 to 2.0 wt%.

The steel sheet for a tool of claim 1, consisting of 70% or more of bainite structure, and the balance of ferrite and
pearlite mixed structure with respect to 100 % of a total microstructure of the steel sheet for a tool.

The steel sheet for a tool of claim 9, consisting of 90% or more of bainite structure, and the balance of ferrite and
pearlite mixed structure with respect to 100 % of a total microstructure of the steel sheet for a tool.

The steel sheet for a tool of claim 1, wherein the deviation of Rockwell hardness by the position in the width direction
of the steel sheet for a tool is within 3 HRC.

The steel sheet for a tool of claim 1, wherein the Rockwell hardness of the steel sheet for a tool is 36 to 41 HRC.

The steel sheet for a tool of claim 1, wherein a value of the combination of the thickness and the wave height of the
steel sheet for a tool (wave height X thickness 2) is 2 cm3 or less.

The steel sheet for a tool of claim 1, wherein the thickness of the steel sheet for a tool is 5 mm or less.
A method of manufacturing a steel sheet for a tool comprising, preparing a slab comprising 0.4 to 0.6 wt% of C,

0.05 to 0.5 wt% of Si, 0.1 to 1.5 wt% of Mn, 0.05 to 0.5 wt% of V, 0.1 to 2.0 wt% of at least of one or two selected
from the group consisting of Ni, Cr, Mo, and combinations thereof, and the balance of Fe and inevitable impurities

10
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.
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with respect to a total of a slab of 100 wt%;

heating the slab again;

performing the hot rolling the slab heated again to obtain hot-rolled steel sheet;

cooling the hot-rolled steel sheet obtained;

winding the cooled steel sheet to obtain a coil; and

cooling the wound coil;

wherein the step of cooling the obtained hot-rolled steel sheet comprises

a primary cooling step of cooling the obtained hot-rolled steel sheet at a rate of 20 to 40 °C/sec within 15 seconds
after completion of hot rolling; and

a secondary cooling step of cooling the primary cooled steel sheet at a rate of 5 to 10 °C/sec within 30 seconds
after the primary cooling.

The method of claim 15, wherein the step of winding the cooled steel sheet to obtain a coil; is carried out in a
temperature range by the following formula 1 of T(°C) or more.

[Formula 1]

Te¢(C) = 880-300*C-80*Mn-15*Si-45*Ni-65*Cr-85*Mo
(Wherein C, Mn, Ni, Cr, and Mo mean weight percent of each component with respect to 100 wt% of the total slab)

The method of claim 16, wherein the step of winding the cooled steel sheet to obtain a coil; is carried out in a
temperature range by the formula 1 of T(°C) to 650 °C or less.

The method of claim 15, wherein the step of cooling the wound coil; is cooled at a rate of 0.005 to 0.05 °C/sec.

The method of claim 18, by the step of cooling the wound coil; wherein the austenite structure is transformed into
a bainite structure.

The method of claim 19, by the step of cooling the wound coil; Wherein the coil is a bainite uniform structure in both
the inner winding and outer winding.

The method of claim 20, by the step of cooling the wound coil; consisting of 70% or more of bainite structure, and
the balance of ferrite and pearlite mixed structure with respect to 100 % of a total microstructure.

The method of claim 15, wherein the step of preparing a slab; wherein Mn: 0.1 to 1.0 wt%.
The method of claim 15, wherein the step of preparing a slab; wherein V: 0.05 to 0.3 wt%.

The method of claim 15, wherein the step of preparing a slab; wherein at least of one or two components selected
from the group consisting of Ni, Cr, Mo, and combinations thereof are 0.5 to 2.0 wt%.

The method of claim 15, by the step of performing the hot rolling the slab heated again to obtain hot-rolled steel
sheet; a thickness of the hot-rolled steel sheet obtained is 5 mm or less.

The method of any one of claim 15 to 25, wherein the Rockwell hardness of the steel sheet for a tool is 36 to 41 HRC.

The method of any one of claim 15 to 25, wherein the deviation of Rockwell hardness by the position in the width
direction of the steel sheet for a tool is within 5 HRC.

The method of any one of claim 15 to 25, wherein the ratio of those having a wave height in the longitudinal direction
within 20 cm is 90 % or more with respect to the total wave height located the central portion in the longitudinal

direction of the steel sheet for a tool.

The method of any one of claim 15 to 25, wherein a value of the combination of the thickness and the wave height
of the steel sheet for a tool (wave height X thickness 2) is 2 cm3 or less.

1"
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